b~;dges~2 Vibraiional spectroscopy also provides data which can be used to determine the metal-borohydride coordination geometry in a large . . triple-hydrogen-bridged metal boron bonds, proposed using~he metal-,.
boron bond length.as a criterion for determining whether the metal ion is bonded by two or three bridging hydrogen atoms to the boron atom. This .. ' idea implies one can assign an ionic radius to the borohydrideion. --37 complexes and have followed Paulihg'~ approach to calculate corrections Following Raymond' s criteri a we have co'rre 1 ated the stru~tura 1 data for doub ly and 2.
triply hydrogen bridged metal-boron bonds with ionic radii for the metal ions obtained from Shannon's table. 38 Table 1 and Table 2 list the available data for the compounds structurally characterized. The ionic radii as given in Tables 1 and 2 were   obtained from Shannon's table' for the particular oxidation state of the metal ion with the coordination number closest to that found in the metal~borohydride complex. ,Corrections for coordination number were made as described by Raymond. 35 Plots of ionic radius vs. metal-boron distance are shown in Figures 1 and 2 .
The line~ in Figures 1 and 2 represent a linear least squares fit to the data which were all assigned equal weight. For bidentate coordination the slope was equal to .97 wit~ a correlation coefficient of .98.
Note that both types of bidentate coordination (polymeric type and with terminal H atoms) were included in Figure 1 and Table 1 . For tridentate coordination ( Figure 2 , not including the Th point), the slope was equal to 1.02 with a ~orrelation coefficient of .94.
Considering th~ uncertainties in the metal ion-boron bond lengths, the different methods, temperatures, and phases for which structures were determined; the large range of coordination number and of the periodic table covered, plus the variety of other ligands attached to the metal atom, the correlation between ionic radius and the metal-boron bond length' is remarkably good. For most molecules the metal-boron bond distance can be calculated with reasonable accuracy using the ionic bonding model. Clearly, it is not possible to draw conclusions about covalent bonding between the metal atom and the borohydride group solely from structural considerations based on the metal-boron distance. . °
MZ+IR(A) . M-_B(AJ (BH 4 )-IR(A)
.47
1. 14 • 81 f f .89
1.22
1.20
2.163 (8) 2.68 (2) 2.26 (6) 2.413 (20) 2.468 (12) 2.553 (6) 2.86 (4) . RT, X-ray, crys • RT,X-ray,crys.
RT,X-ray,crys.
RT,ND,crys.
21
o C,X-ray,crys.
23°C, ~-ray, crys.
22°C,X-ray,crys.
c.RT, room temperature; x-ray, x-ray diffraction; ND, neutron diffraction; ED, electron diffraction; crys, single crystal; gas, gaseous sample. RT.X-raY,crys.
23°C,X-ray,crys.
RT,ED,gas -160°C,X-ray,crys.
NO,crys.
22°C,X-raY,crys.
RT,X-raY,crys.
23.S0C,X-raY,crys.
21°C,X-raY,crys.
23°C,X-raY,crys.
22° C ,X-ray, crys.
22° C, X-ray, crys.
-143° C,X-ray,crys.
c. RT, room temperature; x-ray, x-ray diffraction; NO, neutron diffraction; ED, electron diffraction; crys, single crystal; gas, gaseous sample. d. Unsymmetrical dimer. ..
. ' (, -J XBL804-645
